ABSTRACT.-Relationships of area with numbers of species and individuals of spring migrants were examined for 69 shelterbelts (forest islands) in eastern South Dakota. Total abundance and number of species were as highly correlated with area during spring migration as during the breeding season. The relationships of area with total abundance and number of species were highly similar between two years of study. Area was more important in determining abundance and number of species than either diversity of plant species or isolation of the islands. The dispersion of migrants among islands, indicated by the relationships of area with total abundance and species numbers, could have been a result of passive dispersal, selection for larger area, or behavioral interactions. Passive dispersal was unlikely because the isolation of an island had no significant influence on abundance or diversity. Also, the diversity and abundance of migrants were modified by habitat conditions (i.e., vegetation diversity), indicating that migrants select the forest islands they inhabit. Migrants may select large areas but they should then have increased with area at an increasing rate, but this did not occur. Dispersion among islands may be the best way for migrants to replenish their energy reserves when food is scarce. Two facts suggest that migrants may interact to disperse themselves relative to food. First, application of a model for interacting species provided increasingly better fits to ecological groups that increasingly confined their foraging within shelterbelts. Second, the density of birds was greater in smaller islands than in larger islands owing to species that did not feed solely within the islands. The density of birds that did feed primarily within the islands remained more or less constant with changing area. [4301
Less abundant species were assigned abundance values based on the number of individuals directly counted by walking the length of the belt upon completion of the transects.
I began censusing study plots in the south on 8 May in both years and proceeded northward to minimize phenological variation among sites. Censuses were completed in 19 and 13 days in 1976 and 1977, respectively. Two observers conducted two morning and two evening censuses on four shelterbelts in 1976 to test count reliability. One observer censused a particular belt both morning and evening on one day and the other observer censused the same belt on the following day. Numbers of species did not differ significantly between days (I' > .995, x2 = 0.078) or between morning and evening (P > ,995, x2 = 0.069). In addition, total abundance did not differ significantly between days (P > .990, x2 = 1.03) or between morning and evening (P > ,975, x2 = 1.43). Subsequent shelterbelts were censused once each year. Greater efficiency of counting and fewer rain-caused delays reduced the census period in 1977. I grouped birds by their primary food habits (Appendix) based on my observations and the literature (Martin et al. 1951 , Willson 1974 , to study changes in community structure with changes in shelterbelt area. Shelterbelts were grouped into three size classes for these analyses. Size class 1 included the smallest 23 shelterbelts (? i SE = 2,553 + 162 m"), class 2 the next largest 23 shelterbelts (5,417 ? 248 m' ) and class 3 the largest 23 shelterbelts (14,616 -C 1,324 m' ). This grouping allowed comparative analyses of changes in the number of individuals and species representing each food habits group with changes in shelterbelt area. Analysis of variance and t-tests were used to test differences among size class groupings. However, regression equations were based on the continuous range of the 69 study shelterbelts.
The Shannon and Weaver (1963) index (H' = -I;p, logepi, where pj represents the proportion of a community represented by species i) was used to calculate species diversity. Equitability was calculated by J = H' /log,S, where S is the number of species in the community. -In the following discussion, "abundance" refers to the number of individuals in a community. "Density" refers to the number of individuals per 984.2 m2 (the size of the smallest shelterbelt). "Adjusted abundance" refers to the total number of individuals in a community minus the abundances of the Common Grackle, American Robin, and House Sparrow. I examined species-area and abundance-area relationships by three regression functions: log-log (power), semi-log (exponential), and untransformed (linear). The best-fit function was determined from correlation coefficients. It is misleading to directly compare the correlation of the power function with the correlations of the other two functions because the dependent variable for the power function was transformed. Thus, the correlation coefficient for the power function was based on a second regression of arithmetic species numbers on area raised to the exponent calculated by the log-log regression.
The data in the next section are compared in various ways. First, the number of individuals and species of each food habits group are compared among groups and between years to demonstrate differences. Census results for the communities are, however, correlated between years to show that the number of individuals and species varied among communities in a similar manner both years. Next, the number of species and abundance of food habits groups are compared among groups and with area through analysis of variance. Loglog regressions were computed to compare the rate of increase (slope) of species numbers and abundance of eaoh food habits group with area among groups and with the rate of increase of total abundance and total species numbers. The relationship between total species numbers and area is analyzed by the three regression functions to determine the curvilinearity of the relationship. Total abundance is similarly examined. Total abundance is adjusted by subtracting the abundances of the three most common vagrant species that do not rely on food within shelterbelts to examine the relationship between area and those individuals ) and the intercept of the arithmetic plot should be 0. The slopes were 0.439 (Fig. 3) and 0.406 (Fig. 4) for 1976 and 1977 , respectively. Both slopes were significantly less (P < .OOl) than 1.0, indicating that species numbers increased with area at a much slower rate than proportional.
TOTAL ABUNDANCE
The number of individuals in a community increased as a function of area (Table 2C) in a linear manner; correlation of the linear function (r = 811, P < .OOl) was slightly higher than for the power function (r = .798, P < .OOl) and both exhibited higher correlations than the exponential function (r. = .775, P < .OOl). While the relationship was linear, the slope (x = .597) showed that it was not proportional; a 200% increase in area yielded a 100% increase in abundance. Thus, density decreased (P < .OOl) as area increased (Table 2D) ~,,,,,,,,,,,,,,,,,,,,,,,,,, 
Migrants
could be passively dispersed across the plains landscape; if so, belts that are more isolated should contain more birds than those which are close to other islands. Conversely, migrants may select areas where forest islands are in close proximity. In this case, abundance should be lower in isolated belts. The fact that the distance to the nearest other forest island did not explain any additional variation in abundance, species numbers, or diversity suggests that the even dispersion of birds among belts must be a direct response to area or some factor related to area.
Migrants could be passively dispersed relative to area of shelterbelts; larger shelterbelts simply accumulate more individuals and species. This possibility is hard to prove or disprove. However, the regular (linear) increase of abundance with area, regardless of proximity of other islands, makes the dispersion seem too even to occur completely by passive means. In addition, the modification of migrant diversity and abundance due to vegetation diversity and other habitat factors (Martin and Vohs 1980) shows that migrants are selecting the islands they use for resting and feeding. Slopes of the species-area relationship for 1976 and 1977 were slightly below 0.5. These slopes should have been lowered somewhat due to the presence of species that did not rely on food within belts. If species are not limited by food within the belt, then nearly equal numbers of species could be expected at all shelterbelt sizes; for these birds the species-area slope would approach 0. Granivores and omnivores doubtless were able to feed in surrounding grasslands, more than insectivores, and did show lower slopes. In addition, the slope for the entire community was lower in I977 when granivores and omnivores comprised a greater proportion of the avifauna. Insectivores were the most restricted to feeding within shelterbelts and the slope of their species-area relationship did not differ (P > .lO) from 0.5 (Fig. 1) .
Calculation of the species-area slopes through regression provides an estimate of the average value throughout the range of island areas. This assumes that the slope is constant throughout the range of areas, which may not be a valid assumption (Schoener 1976 ). Since the range of areas of shelterbelts is small, however, this bias may be minimized.
If the average number of species of a food habits group found in all study belts is used as an estimate of S and the total number of species of that food habits group found during this study as an estimate of P, the equation derived by Schoener (1976) can be used to predict x. Values of 0.46 and 0.48 were predicted for insectivores in 1976 and 1977, respectively, and these are not significantly different (P > .lO) from observed values (Fig. 1) .
Predicted slopes for granivores were 0.25 and 0.26 in 1976 and 1977, respectively. These predictions are higher (P < .Ol) than the observed values (Fig. 1) . These data illustrate that granivores, which presumably were limited the least to foraging within shelterbelts, fitted the model for interacting species very poorly. Insectivores presumably were restricted the most to feeding within shelterbelts and they showed a close fit to the interactive model. Furthermore, slopes for insectivores during migration were not different (P > .lO) from the slope (0.515; Martin 1980) found during the breeding season, even though the source pool was much larger in spring (41 species) than during breeding (18 species; Martin 1980). Total abundance and density. If migrants interact to disperse themselves relative to food supply, then abundance should increase proportionally with area, if food supply is proportional to area. Total abundance did not increase proportionally to area, resulting in a curvilinear decrease in density with increasing area (Fig. 5) . However, most of the excess density of birds in small shelterbelts resulted from vagrant species that did not feed within the confines of the shelterbelts. Subtraction of the abundances of the most common vagrant species resulted in a linear relationship between abundance and area (Fig. 6) 
